Magnitude and frequency of wind speed shears and associated downdrafts by Campbell, C. W. & Alexander, M. B.
MAGNITUDE AND FREQUENCY OF W I N D  SPEED 
SHEARS AND ASSOCIATED DOWNDRAFTS 
Margaret B .  Alexander and C .  Warren Campbell 
Marsha l l  Space F l i g h t  Center ,  Alabama 35812 
Atmospheric Sciences Div is ion  
Space Sc iences  Laboratory 
SUMMARY 
Information on wind s h e a r  and downdraft i n t e r a c t i o n  i n  t h e  
lowest 1 5 0  m o f  t h e  E a r t h ' s  atmosphere i s  r equ i r ed  f o r  s i m u l a t i n g  
t h e i r  e f f e c t  on a s c e n t  and descent  of convent iona l  a i r c r a f t  under 
hazardous c o n d i t i o n s .  Both o f  t h e s e  wind c o n d i t i o n s  have s i m i l a r  
e f f e c t s  on a i r c r a f t .  Previous s t u d i e s  i n d i c a t e  t h a t  a 5 knot  
downdraft i s  comparable t o  a 5 knot p e r  30.5 m (100  f t )  wind 
shea r  w i th  r ega rd  t o  t h e  e f f e c t  on l a r g e  sweptwing t r a n s p o r t -  
type a i r c r a f t .  Magnitudes equal  t o  o r  i n  excess  o f  t h e s e  
va lues  can have a s i g n i f i c a n t  e f f e c t  on a i r c r a f t  du r ing  t ake -  
o f f  and l and ing .  Data a r e  p re sen ted  i n d i c a t i n g  t h e  frequency 
of occur rence  o f  wind s h e a r  and downdrafts t o g e t h e r  w i t h  i n f o r -  
mation on t h e  s imultaneous occurrence  o f  t h e s e  two phenomena. 
The source  of t h e s e  d a t a  i s  t h e  NASA 150-Meter Ground Winds 
Tower F a c i l i t y  a t  t h e  Kennedy Space Cen te r ,  F l o r i d a .  
I N T R O D U C T I O N  
Atmospheric c o n d i t i o n s  i n  t h e  v i c i n i t y  o f  a i r p o r t s  a r e  a 
primary concern of  a v i a t i o n  meteorology. Turbulence,  wind s h e a r ,  
and v e r t i c a l  motion (updraf t s /downdraf t s )  a r e  low- leve l  cond i t ions  
known t o  be hazardous t o  high-performance a i r c r a f t  du r ing  t a k e o f f /  
cl imbout and approach/ landing o p e r a t i o n s .  A l l  can and f r e q u e n t l y  
do occur  s imul taneous ly .  Thus, a requirement  e x i s t s  f o r  i n f o r -  
mation on t h e s e  c o n d i t i o n s  below 1 5 0  m ( 5 0 0  f t )  r e l a t i v e  t o  mag- 
n i t u d e ,  frequency and s i m u l t a n e i t y  of  occur rence .  
Although s h o r t - t e r m  wind measurement accuracy is  v i t a l  i n  t h e  
s tudy  of  l ow- leve l  c o n d i t i o n s ,  r e l a t i v e l y  l i t t l e  h i g h - r e s o l u t i o n  
d a t a  f r o m  a i r c r a f t  and/or  meteoro logica l  towers a r e  a v a i l a b l e .  
Data acqu i r ed  a t  t h e  NASA 150-Meter Ground Winds Tower F a c i l i t y  a t  
Kennedy Space Center ,  F l o r i d a ,  provided s imultaneous h o r i z o n t a l  
wind speeds a t  e i g h t  l e v e l s  and v e r t i c a l  speeds a t  f o u r  l e v e l s  
f o r  a n a l y s i s  t o  determine c h a r a c t e r i s t i c s  of t y p i c a l  h o r i z o n t a l  
s h e a r s  and a s s o c i a t e d  downdraf ts .  
The a n a l y s i s  o f  meteoro logica l  tower d a t a  provides  a b a s i s  
f o r  s i m u l a t i n g  a i r c r a f t  a s c e n t  and descent  under adverse con- 
d i t i o n s .  Data o f  t h i s  type a r e  va luab le  because t h e o r e t i c a l  
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model s i m u l a t i o n  of  wind s h e a r s  , i n t e r m i t t e n t  downdrafts , o r  t u r -  
bulence phenomena i n  t h e  p l a n e t a r y  boundary l a y e r  i s  s u b j e c t  t o  
c e r t a i n  t e c h n i c a l  d i f f i c u l t i e s .  These d i f f i c u l t i e s  r e l a t e  t o  t h e  
non i so t ropy  o f  t h e  turbulence  and t h e  f a i l u r e  of  t he  tu rbu lence  
t o  conform t o  Gaussian p r o b a b i l i t y  d i s t r i b u t i o n s .  M u l t i l a y e r  
tower d a t a  can be  used t o  c r e a t e  r e a l i s t i c  approach and d e p a r t u r e  
wind c o n d i t i o n s .  
The s imultaneous occurrence of wind s h e a r  and downdrafts can 
cause s e r i o u s  problems f o r  approaching and d e p a r t i n g  a i r c r a f t .  
Understanding s t a t i s t i c a l  p r o p e r t i e s  of t h e s e  s imultaneous occur-  
rences  enables  a c c u r a t e  s i m u l a t i o n s .  
BACKGROUND 
A s e r i o u s  problem i n  a v i a t i o n  meteorology is  wind even t s  
dur ing  a i r p o r t  ope ra t ions  f o r  d e p a r t i n g  and approaching a i r c r a f t .  
I t  i s  known t h a t  t h e  danger from s h e a r  even t s  encountered by 
l a r g e ,  sweptwing, je t -powered  a i r c r a f t  i n c r e a s e s  below an a l t i t u d e  
of 1 5 0  m ( 5 0 0  f t ) .  Ramsdell and Powell (1973) s t a t e  t h a t  t h e  be-  
hav io r  of t h e  wind i n  t h e  l a s t  30 m o f  d e s c e n t ,  i n  p a r t i c u l a r  
between 30 and 1 5  m dur ing  which some a i r c r a f t  t r a v e l  approximately 
300  m i n  4 t o  5 s ,  i s  most  important  t o  a descending a i r c r a f t .  To 
a s c e r t a i n  t h e  r e l a t i v e  e f f e c t s  , Snyder (1968) s imula t ed  an a i r -  
c r a f t  on f i n a l  approach and s u b j e c t e d  i t  t o  t h e  t h r e e  even t s  of 
sudden h o r i z o n t a l  wind s h e a r ,  downdraft ,  and an a i r s p e e d  drop .  
Using Snyder ' s  ana log  computer s tudy and a s imple flow model, 
Kalafus (1978) achieved r e s u l t s  c o n s i s t e n t  w i th  Snyder ' s :  That a 
5 kphf ( 0 . 0 8  s-1) s h e a r  i s  a t y p ' c a l  average shea r  t h a t  would be 
a s s o c i a t e d  wi th  a 5 k t  (2.57 ms-i) downdraft and t h a t  a 1 0  k t  
(5.15 ms-1) downdraft i s  comparable t o  a 1 0  kphf ( 0 . 1 7  s - 1 )  s h e a r  
appears  t o  be a reasonable  assumption. 
The a n a l y s i s  p r e s e n t e d  h e r e  demonstrates  t h e  p r o p e r t i e s  of 
s imul taneous ly  occur r ing  wind s h e a r s  and downdrafts.  To t h i s  end, 
high r e s o l u t i o n  d a t a  from t h e  NASA tower f a c i l i t y  were analyzed.  
Downdrafts were measured a t  1 5 0 ,  6 0 ,  1 8 ,  and 1 0  meters, and s h e a r  
de t e rmina t ions  were made f o r  t h e  1 5 0 - 1 2 0 ,  90-60, 6 0 - 3 0 ,  and 3 0 - 3  m 
l a y e r s .  
DATA 
To unders tand  and d e s c r i b e  wind s h e a r  e f f e c t s  on t h e  s a f e t y  
of  f l i g h t  o p e r a t i o n s  i n  t h e  t e rmina l  a r e a ,  a v a i l a b l e  d a t a  from 
a i r c r a f t  and meteoro logica l  towers should be e x p l o i t e d  t o  t h e  
f u l l e s t .  This  a n a l y s i s  used h i g h - r e s o l u t i o n  wind p r o f i l e  measure- 
ments recorded  a t  t h e  NASA 150-Meter Ground Winds Tower F a c i l i t y .  
The NASA Tower F a c i l i t y ,  d e p i c t e d  i n  F igure  1 and desc r ibed  by 
Kaufman and Keene (1968) , - i s  l o c a t e d  a t  t h e  Kennedy Space Center  
approximately midway between Launch Complex 39B and t h e  Space 
S h u t t l e  runway. Placement o f  t h e  meteoro logica l  s enso r s  on t h e  
tower i s  shown i n  Figure 2 .  E ight  t es t s  acqui red  in  March, J u l y ,  
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September and October 1973 between 0800 and 1 6 0 0  EST provided 
5-second d a t a  i n t e r v a l s  (one i n t e r v a l  every 1 0 0  s du r ing  each 
approximately 2 h t e s t ) .  Table 1 p r e s e n t s  t h e  d a t e ,  s t a r t  and 
end t ime,  number o f  i n t e r v a l s  and measurements p e r  l e v e l ,  and 
peak h o r i z o n t a l  wind speed and downdraft p e r  t e s t .  
The d a t a  r eco rd  c o n s i s t e d  of  4 5 7  i n t e r v a l s  f r o m  t h e  Automatic 
Data Acqu i s i t i on  System, desc r ibed  by Trave r ,  e t  a l .  (1972).  This 
system sampled each wind senso r  a t  a r a t e  o f  1 0  samples p e r  second, 
d i g i t a l l y  recorded ,  and r e a l - t i m e  processed  t h e  2 2 , 8 0 0  wind speeds 
p e r  l e v e l .  These speeds a t  s i x  tower l e v e l s  provided t h e  d i f f e r -  
ences t o  determine wind s h e a r s  f o r  f o u r  30 m l a y e r s  i n  t h e  lowest  
1 5 0  m o f  t h e  E a r t h ' s  atmosphere,  i . e . ,  150-120, 90-60,  60-30 and 
30-3 m. These l a y e r s  b racke ted  t h e  s imultaneous v e r t i c a l  wind 
speed (updraf t /downdraf t )  measurements a t  t h e  1 5 0 ,  6 0 ,  1 8  and 1 0  m 
l e v e l s .  Table 2 i s  a t a b u l a t i o n  by l e v e l s  of  t h e  frequency and 
maximum values  of  t h e  v e r t i c a l  motion. Table  3 p r e s e n t s  a p e r -  
cen tage  frequency d i s t r i b u t i o n  of t h e  magnitudes of t h e  downdrafts 
i n  Table 2 .  
Because of t h e  in f r equen t  occurrence of downdrafts > 1 0  k t s  
(>5.15 ms-l)  i n  t h e  e i g h t  t e s t s ,  r e s u l t s  f r o m  a previous-analysis  
(Alexander 1977) of maximum v e r t i c a l  g u s t s  recorded a t  t h e  f a c i l i t y  
a r e  a l s o  inc luded .  A cont inuous r eco rd  of s i x  10-minute compu- 
t a t i o n a l  sequences p e r  hour f o r  one y e a r  o f  maximum h o r i z o n t a l  
wind speed and maximum u p d r a f t  and downdraft r evea led  2 7 4  occur -  
rences  o f  downdrafts >10 k t s  f o r  t h e  f o u r  l e v e l s .  Table 4 l i s t s  
t h e  maximum values  of-updraftldowndraft  by months, seasons and 
l e v e l s  f o r  t h e  one-year  d a t a  record .  Table 5 p r e s e n t s  t h e  f r e -  
quency o f  occur rence  of maximum 10-minute i n t e r v a l  v e r t i c a l  motion 
- > 1 0  k t s  (>5.15 - ms-l)  by seasons and l e v e l s .  
t h e  de t e rmina t ion  of s imultaneous occurrence of s h e a r  and asso-  
c i a t e d  downdraft .  However, f o r  each occurrence of a maximum 
downdraft >10  k t s  i n  a 10-minute i n t e r v a l  a t  each l e v e l ,  wind s h e a r  
was determined f o r  t h e  a s s o c i a t e d  l a y e r  and i n t e r v a l  from t h e  
maximum h o r i z o n t a l  wind speeds t o  g ive  some i n d i c a t i o n s  r e l a t i v e  
t o  t h e  i n t e n t  of t h i s  a n a l y s i s .  
Unfo r tuna te ly ,  t h e  10-minute sampling p e r i o d  d i d  n o t  permi t  
RESULTS 
V e r t i c a l  wind s h e a r  i s  de f ined  t o  be  t h e  change o f  wind speed 
wi th  h e i g h t  and i s  determined by means of two anemometers mounted 
a t  d i f f e r e n t  h e i g h t s  on a tower.  S p a t i a l l y  vary ing  s h e a r s ,  d e t e r -  
mined f o r  f o u r  l a y e r s  o f  t h e  atmosphere from 3 t o  1 5 0  m ,  were 
de r ived  by a l g e b r a i c a l l y  s u b t r a c t i n g  t h e  wind speed a t  t h e  lower 
l e v e l  of  t h e  l a y e r  from t h e  speed a t  t h e  upper l e v e l  and d i v i d i n g  
by t h e  d i s t a n c e  between l e v e l s ,  i . e . ,  
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P r e v i o u s l y ,  Alexandcr  and Camp (1979) d e r i v e d  maximum and mean 
v a l u e s  and f r e q u e n c y  o f  wind s h e a r s  g r e a t e r  t h a n  0 . 1  s - l  a s  a 
f u n c t i o n  o f  t h e  f o l l o w i n g  s i x  v e r t i c a l  l a y e r s  a t  t h e  f a c i l i t y :  
WIND SPEED SHEAR 
Layer  Obs. Max Me an .0 .1  s - 1  
(m) ( f )  ( s - l )  ( f )  ( % I  
1 5 0 - 1 2 0  3950 0 . 1 6 0  0 . 0 2 2  7 2  1 .82  
1 2 0 - 9 0  3150 0.173 0.030 7 5  2.38 
9 0 - 6 0  3150 0.327 0.039 184 5.84 
60-30 3950 0.387 0.047 6 0 2  1 5 . 2 4  
30-18 3950 0 . 7 9 2  0 . 0 9 9  1278 32.35 
1 8 - 3  39 50 0 .713  0 . 1 8 5  2465 62.39 
S i m u l t a n e o u s l y  o c c u r r i n g  downdraf t s  a t  f o u r  l e v e l s  and 
a s s o c i a t e d  s h e a r s  a r e  t a b u l a t e d .  Tab le  6 p r e s e n t s  a p e r c e n t a g e  
f r equency  d i s t r i b u t i o n  o f  >3.89 k t  ( 2 . 0  m s - 1 )  downdraf t s  a t  f o u r  
l e v e l s  a s  a f u n c t i o n  o f  wiKd s h e a r  f o r  a s s o c i a t e d  l a y e r s  f o r  t h e  
4 5 7  5-second d a t a  i n t e r v a l s .  
A t a b u l a t i o n  was made o f  maximum downdraf t  ( > 9 . 7  k t s  ( 5 . 0  ms-1)) 
p e r  10 -minu te  i n t e r v a l  f o r  a one -yea r  d a t a  record-as a f u n c t i o n  o f  
maximum h o r i z o n t a l  wind s p e e d .  I t  s h o u l d  b e  n o t e d  t h a t  s u r f a c e  
winds a re  g e n e r a l l y  c l a s s s i f i e d  a s  
Class 
Low 0 < 9 . 7  0 < 5  
Moderate 9 . 7 < 1 9  - 4  5 < 1 0  
High 1 9 . 4 ~ 3 5 . 0  10<18 
G a l e - f o r c e  35 .0<64.1  1 8 ~ 3  
Hur r i c an e >33 . - > 6 4 . 1  - 
Table  7 p r e s e n t s  a f r equency  d i s t r i b u t i o n  o f  t h i s  t a b u l a t i o n  o f  
2 7 4  downdra f t s  > 9 . 7  k t s  ( 5 . 0  rns-l) by l e v e l s  and wind s p e e d  
c l a s s e s .  Table-8 i s  a p e r c e n t a g e  f r equency  d i s t r i b u t i o n  o f  t h e s e  
downdraf t s  as a f u n c t i o n  o f  wind s h e a r  d e r i v e d  from maximum wind 
s p e e d  p e r  i n t e r v a l .  
An a d d i t i o n a l  a n a l y s i s  o f  t h e  j o i n t  p r o b a b i l i t y  d a t a  w a s  done. 
The wind s h e a r  and downdra f t s  were checked  f o r  independence  by 
comparing t h e  j o i n t  p r o b a b i l i t y  d e n s i t y  w i t h  t h e  p r o d u c t  o f  t h e  
p r o b a b i l i t y  d e n s i t y  f o r  downdraf t s  and t h e  p r o b a b i l i t y  d e n s i t y  
f o r  wind s h e a r s .  The two a r e  approx ima te ly  e q u a l .  T h i s  i n d i c a t e s  
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t h a t  windshear and downdraft a r e  independent q u a n t i t i e s ;  i . e . ,  
one does n o t  a f f e c t  t h e  o t h e r .  In  o t h e r  words,  i f  a range of 
va lues  o f  downdrafts i s  s e l e c t e d  and a corresponding p r o b a b i l i t y  
d e n s i t y  o f  wind s h e a r s  measured, and then  another  range o f  va lues  
o f  downdrafts s e l e c t e d ,  t h e  corresponding p r o b a b i l i t y  d e n s i t y  of 
wind s h e a r s  w i l l  be t h e  same as  b e f o r e .  
To f u r t h e r  check t h e s e  r e s u l t s ,  c o r r e l a t i o n  c o e f f i c i e n t s  
between wind s h e a r  and downdrafts were measured. Values l e s s  
than 0 . 1  were ob ta ined ,  w i th  some va lues  p o s i t i v e  and some va lues  
n e g a t i v e .  These smal l  va lues  appear  t o  i n d i c a t e  independence of  
t h e  two parameters .  
CONCLUSIONS 
Regarding magnitudes and f r equenc ie s  o f  wind speed s h e a r s  
and a s s o c i a t e d  downdrafts i n  t h e  lowest  1 5 0  m o f  t h e  atmosphere, 
t h e  conclus ions  of  t h i s  a n a l y s i s  a r e  t h e  fo l lowing:  
(1) From in s t an taneous  measurements dur ing  h o r i z o n t a l  wind 
speeds o f  g a l e - f o r c e  and below i n t e n s i t y ,  v e r t i c a l  motion a t  t h e  
1 0 ,  60  and 1 5 0  m l e v e l s  was approximately 6 0  pe rcen t  downward and 
40  pe rcen t  upward. A t  t h e  1 8  m l e v e l  t h e  percentages  were r e -  
versed .  Updraft  maxima were an o rde r  of  magnitude o r  t w o  g r e a t e r  
than  downdrafts a t  a l l  l e v e l s .  
( 2 )  Frequency of v e r t i c a l  motion > Y . 7  k t s  ( > S  ms-l)  f o r  a 
yea r  a t  f o u r  l e v e l s  was 338 occurrences-upward ana  2 7 4  downward. 
Approximately 9 0  pe rcen t  o f  t h e s e  u p d r a f t s  occur red  a t  t h e  18 m 
l e v e l  almost e q u a l l y  dur ing  summer and w i n t e r ,  and 6 5  p e r c e n t  of 
t h e  downdrafts were a t  t h e  1 5 0  m l e v e l  du r ing  summer. 
( 3 1  Magnitudes o f  8 3  p e r c e n t  of  t h e  2 7 4  downdrafts > Y . 7  k t s  
( > 5  ms- ) were i n  t h e  range o f  Y . 7 < 1 1 . 7  k t s  (5<6 m s - I ) ,  wi th  only 
l p e r c e n t  i n  t h e  h i g h e s t  magnitude range o f  1 5 . 6 ~ 1 7 . 5  k t s  
( 8 ~ 9  m s - l ) .  
(4) Data from sources  such as  t h e  Kennedy Space Center 
150-Meter Ground Winds Tower F a c i l i t y  provide  u s e f u l  in format ion  
f o r  s i m u l a t i n g  a i r c r a f t  approaches and d e p a r t u r e s  under adverse 
c o n d i t i o n s .  These d a t a  a r e  va luab le  because o f  t h e  d i f f i c u l t y  
of t h e o r e t i c a l  model wind s imula t ions  n e a r  t h e  ground. 
(5)  Models f o r  s i m u l a t i n g  a i r c r a f t  a scen t  and descent  under 
adverse  c o n d i t i o n s  should show s imul taneous ly  occur r ing  wind shea r s  
and downdrafts t o  be  independent and u n c o r r e l a t e d .  
This  a n a l y s i s  c e r t a i n l y  lends  suppor t  t o  t h e  b e l i e f s  t h a t  t h e  
need f o r  in format ion  concerning atmospheric  c o n d i t i o n s  i s  most  
important  over  t h e  lowest  1 5 0  m and t h a t  s h o r t - t e r m  wind measure- 
ment accuracy i s  v i t a l  i n  d e t e c t i n g  and i d e n t i f y i n g  hazards  t o  
a i r c r a f t  f l i g h t  o p e r a t i o n s  i n  t e rmina l  a r e a s .  
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TABLE 1 .- FIVE-SECOND DATA INTERVAL TESTS SUMMARY 
1 9 7 3  LST 5 s Obs. /  H o r i z o n t  a1 Downward 
S t a r t  End I n t e r v a l s  Level ( k t s )  ( m s - l )  ( k t s )  ( m s - 1 )  
I<> 
March 1 3  0842 1 1 4 4  
March 1 4  0932 1 2 3 4  
Ju ly  3 1606 1752 
J u l y  3 1 4 3 1  1 6 5 5  
S e p t  20 1 0 2 5  1 3 1 0  
S e p t  24 0812 0945 
S e p t  26 1 5 5 2  1 8 5 6  
O c t  5 1214 1518 
74 3700 3 1  
7 3  3650 35 
28 1400 51 
50 2500 39 
6 1  3050 20 
2 1  1050 20  
75 3750 33  
75 3750 30 
1 6  1 2  
18 8 
26 10  
20  8 
10  6 
1 0  6 
1 7  8 
1 5  8 
TABLE 2.- EFEQUENCY AND MAXIMUM VALUES OF VERTICAL MOTION I N  
FIVE-SECOND INTERVAL TESTS 
L e v e l  F r e q u e n c y  P e r c e n t  Maximum -1 
(m) ( f )  ( m s  1 Down ( % I  ( k t s )  Down UP Down UP Down UP UP 
1 5 0  9657 1 3 1 4 3  4 2 . 3 6  57.64 7 . 0 4  9 . 9 3  
60 9952 12848 43 .65  5 6 . 3 6  7 . 8 5  7 .25  
1 8  1 3 7 2 1  9079 6 0 . 1 8  3 9 . 8 2  1 0 . 3 4  7 .48  
1 0  8296 14504 36 .39  6 3 . 6 1  5 . 7 7  5.17 
3 .62  5 . 1 1  
4 . 0 4  3 . 7 3  
5 . 3 2  3 .85  
2 . 9 7  2 . 6 6  
TABLE 3.- PERCENTAGE FREQUENCY DISTRIBUTION OF DOWNWARD MAGNITUDES 
P e r c e n t  
(*I Level Frequency (m) (f) 
12 
6 
k t s  0, 2, 4,6 6, 8, 10, o,2 2,4 1 C 6  a, 10, 2 4 a 1 0  12  10  
1 3 4 6 1 3 4 5 5 ,  5 0, I<* 2, 3, 4, 5,  
0, 2, 3, 4, ms -1 
150 10074 2782 252  26 6 3 7 6 . 6 5  2 1 . 1 7  1 . 9 2  0 .20  0 .05  0.02 
60 9651 2571 549 77 0 0 7 5 . 1 2  2 0 . 0 1  4 . 2 7  0 . 6 0  0 0 
i a  7314 1667 94 4 0 0 80 .56  1 8 . 3 6  1 . 0 4  0.04 o 0 
10 10366 3983 155 o 0 0 71 .47  27 .46  1 . 0 7  0 0 0 
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TABLE 4.- MAXIMUM VALUES OF VERTICAL MOTION I N  1 0-MINUTE INTERVALS 
D A m  BY MONTHS, SEASONS, AND LEVELS 
ra ts own rafts (X ,  ;ms-9 (:tsldbls- 11 
Level 
(4 Season 
Month 
W int eT 150 60 18 10 150 60 18 10 
Oct 9.5 4.9 9.1 4.7 11.5 5.9 7.6 3.9 10.7 5.5 10.3 5.3 9.9 5.1 7.4 3.8 
Nov 9.7 5.0 5.8 3.0 11.5 5.9 8.0 4.1 8.0 4.1 10.9 5.6 10.7 5.5 9.3 4.8 
Dec 12.4 6.4 9.5 4.9 11.9 6.1 8.6 4.4 8.7 4.5 9.9 5.1 9.9 5.1 5.4 2.8 
Jan 11.7 6.0 7.0 3.6 16.1 8.3 8.2 4.2 7.6 3.9 9.5 4.9 8.4 4.3 6.0 3.1 
Feb 5.4 2.8 8.9 4.6 18.1 9.3 10.3 5.3 11.1 5.7 16.7* 8.6 10.3 5.3 9.9 5.1 
M8r 4.9 2.5 8.9 4.6 18.3* 9.4 11.1" 5.7 7.8 4.0 15.0 7.7 12.2* 6.3 10.3* 5.3 
S u u e r  
Apr 16.3. 8.4 8.2 4.2 18.7 8.6 8.9 4.6 12.6 6.5 16.3 8.4 11.1 5.7 8.9 4.6 
May 11.5 5.9 9.9 5.1 12.2 6.3 7.0 3.6 13.6 7.0 12.1 6.2 10.1 5.2 7.8 4.0 
Jun 11.9 6.1 7.8 4.0 11.9 6.1 8.2 4.2 12.4 6.4 15.0 7.7 10.3 5.3 9.7 5.0 
Jul 9.5 4.9 10.7" 5.5 12.2 6.3 8.9 4.6 15.2* 7.8 11.1 5.7 9.3 4.8 6.6 3.4 
Aug 11.5 5.9 8.6 4.4 12.1 6.2 8.2 4.2 12.2 6.3 9.3 4.8 8.9 4.6 7.2 3.7 
Sep 13.0 6.7 7.8 4.0 11.7 6.0 7.2 3.7 11.7 6.0 10.3 5.3 10.3 5.3 8.9 4.6 
"Level Maximum 
TABLE 5.- FREQUENCY OF OCCURRENCE OF MAXIMUM VERTICAL MOTION 210 KTS 
(bS .15 ms'' ) IN 1 0-MINUTE INTERVALS DATA. 
Updrafts Downdrafts 
( f )  
Level Winter Summer Total Winter Summer Total 
(m) (Oc t -Mar ) (Apr - Sep) (Oct -Mar) (Apr-Sep) 
150 13 18 31 2 179 181 
60 1 3 4 23 55 78 
18 160 141 301 6 5 11 
10 2 0 2 3 1 4 
Total 176 162 338 34 240 274 
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TABLE 6.- PERCENTAGE FREQUENCY DISTRIBUTION OF SHEARS VERSUS DOWNDRAFTS 
23.89 KTS (22.0 rns'l) IN 5-SECOND INTERVALS 
mfAL 
150 287 h8-l) 2-00<2.57 2-57<3.09 3s09<3,60 3*6%4.42 4'42<4.63 4.625.14 
150-120 OC1.9 
1.9-3.9 
3.9<5.8 
5.8C7.8 
0<1.9 
1.9c3.9 
3.94.8 
5.8C7.8 
7.8<9.7 
9.7 ai. 7 
60-30 
04.9 
1.9<3.9 
3.9<5.8 
5.8C7.8 
7.8C9.7 
9.741.7 
11.743.6 
OC1.9 
1.94.9 
3.9C5.8 
5.8<7 .8 
7.8C9.7 
11. h13.6 
13. a5.6 
oa.9 
1.9C3.9 
3.9<5.6 
5.W7.8 
7.8C9.7 
9.741.7 
11.7q3.6 
13.645.6 
30-3 
9.7a1.7 
30-3 
oc1.0 
1.cK2.0 
2.0C3.0 
3.0C4.0 
M1.0 
1.ocL.o 
2.0C3.0 
3.0C4.0 
4.W5.0 
5.0C6.0 
OC1.0 
1.oc2.0 
2.0C3.0 
3.0C4.0 
4.W5.0 
5.0C6.0 
6.0C7.0 
OC1.0 
l.w.o 
2.0C3.0 
3.0C4.0 
4.M5.0 
5.OC6.0 
6.W7.0 
7.W8.0 
x1.0 
1.0C2.0 
2.0C3.0 
3.OC4.0 
4.0C5.0 
5.OC6.0 
6.0C7.0 
7.0C8.0 
W.033 
.033<.067 
.1%.133 6o 
W.033 
. 0 3 X .  067 
.067<.100 
.lW .133 
.13X. 167 
.16K .ZOO 
OC.033 
.03X.067 
.067<. 100 
.10OC.133 
.13X.167 
.167<. 200 
.2OoC.233 
.067<.100 
626 
60 626 
W.033 18 98 
.03X.067 
.067<. 100 
.100<.133 
.133<.167 
.16K.200 
.2MK.233 
.233<.267 
M.033 10 155 
.033<.067 
.067<.100 
.10*.133 
.13k. 167 
.167<.200 
.2MK.233 
.233<.267 
48.43 11.15 1.05 4.88 0.35 1.39 67.25 
14.29 8.01 1.39 0.70 0.70 25.09 
5.23 1.39 0.35 6.97 
0.70 0.70 
28.12 8.15 5.75 0.64 
26.20 6*67 3.19 
14.70 1.44 0 
1.92 0.32 0 
0.96 0 0 
0.64 0.64 0.48 
27.60 6.07 3.19 0 
26.64 6.87 3.04 0.32 
6.67 2.40 1.92 0.32 
5.43 0.96 0.80 
3.99 0.64 0.16 
1.60 0.64 
0.16 0 
0 0 
16.33 1.02 
22.45 1.02 1.02 2.04 
13.27 0 
12.24 0 
12.24 1.02 
11.22 5.10 
1.02 0 
9.68 0 
16.77 0.65 
25.16 1.94 
24.52 0.65 
12.90 1.94 
3.87 
0.65 
1.29 
42.66 
36.26 
16.14 
2.24 
0.96 
1.76 
37.06 
37.07 
11.51 
7.19 
4.79 
2.24 
0.16 
0 
17.35 
26.53 
13.27 
12.24 
13.26 
16.32 
1.02 
9.68 
16.77 
25.81 
26.46 
13.55 
5.81 
0.65 
1.29 
TABLE 7.- MAXIMUM HORIZONTAL WIND SPEED CLASSES VERSUS DOWNDRAFTS 
29.7 KTS (25 .O ms'l) IN 1 0-MINUm INTERVALS DATA 
Downdrafts Maximum US Level 
(a) Class (kts) (ms-l) 
(kts) 9.7~11.7 11.7~13.6 13.6~15.6 15.6~17.5 
(as-1) 5<6 6<7 7 ~ a  8<9 
150 Low 04.7 0<5 2 0 0 
Moderate 9.7~19.4 5 ~ 1 0  93 16 0 
High 19.4~35.0 10<18 53 12 2 
Gale-force 35.0<64.1 1 8 ~ 3 3  2 0 1 
60 Low 0<9.7 0<5 0 0 0 
Moderate 9.7~19.4 5<10 24 2 1 
High 19.4<35.0 10<18 36 5 2 
Gale-force 35.0~64.1 18<33 4 0 1 
18 LOW OC9.7 OC 5  0 0 
Moderate 9.7~19.4 5 ~ 1 0  1 1 
High 19.4~35.0 1048 6 0 
Gale-force 35.0<64.1, 1 8 ~ 3 3  3 0 
10 Lou 0~9.7 0<5 0 
Moderate 9.7<19.4 5<10 1 
High 19.4~35.0 1048 2 
Gale-force 35.0~64.1 18<33 1 
0 
1 
1 
1 
3 81 
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Figure 1.- NASA's 150-Meter Ground Winds Tower 
F a c i l i t y  and Launch Complex 39B, Kennedy 
Space Center ,  Florida. 
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Figure  2.- Placement of sensors on NASA's 
150-Meter Ground Winds Tower F a c i l i t y  
a t  Kennedy Space Center ,  F lo r ida .  
(Note: 1 f t  = 0.3048 m.) 
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